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TIMK l)l*:i»KNI»KNT I'l.AHMArAIIHK MOTION 


•I. M. Ori«lHrwMky 
AhMTUAc T 

Amiumlritf Um( thr onrth'M mMun<*(U' (tvld In (llp<ilur nn<l thMl thr dtiy- 
■lilct miiKniiUc flc«M llmiN urv ctlvotrloMlIy nhortMl to on« iinothf*r <lu9 
to thp high lonoMphurU' cohdurtlvlty , mh mtMlytlr nlvctrlct fluid mfMtml 
la davalopcHl which dciMcrlht»*« the flow of thermal plaama fr<»m the 
magnatoaphere tall, llaliig (hla flehl mtalel, the atearVy atata plaama- 
pauae haa a liclga oenlenal at 2100 1«T, During parloda of auddan 
magnatlc qulatlng, the bulge toiala to corotata with tha aarth. After 
a auddan onaat of magnatlc aubatorm activity, tha nuxlal pradlcta 
that plaema will l>a paala<l from within tha original t*aamaaphara 
and will ba trahaporta<l out of the magnatoaphara In tha duak -mid- 
night aactor. In agreamant with pravloua atuillaa, thaaa tamporal 
varlationa will cauaa oonaldarabla fine atn*otura In the raglon of 
ih# bulge. Ilowavar, thla modal la not vaMd during parloda of In- 
ianaa .magnatlo activity alnca whlatlar maaauromanta dataot tha 
bulga on daynlda (laid llnaa undar auoh oondltlonn. 
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TIMK IlKPKNIiKNT l»I...HMAPAHNi: McmoN 


INTHOlHir riUN 

II In wt«|| rnluhlinhini (hul utvifir nlrmly niuta ruiMiltlonH thr plnnmnixiiinn In 
tlir iMHitwInry httlwri^rt plnntiiM wlilrh <M>tiVf*rtn iilwnyn arronn clonml fluM llnnn 
ntvl plHnnm which In Itn mollon In trnnnportml onto fluid lliian which nxlnnil Into 
thr mntfnrtonphrrlc lull (Nlnhldn, lUfMI; hrlcr, 1IM17; AxfonI, llfOy). DnUllnd 
rmnlnln drncrlldnM thr ntrndy nUIr conflgiiratlim of thin iKiundnry hxvr Immii dr- 
vnlopfMl iMiglnnlmf v/lth thr ntudy of Nlnhldn (llfflA) followwl by ihn ntudlrn of 
ilrlcr (11MI7|, KiiV(inn||h ct nl. (1IMI9) xfiii morn rmvt»ni\y by Wolf (1970). In all of 
thrnc m<Nlrln, thr pnttrrn of thn thrrmal planma flow aoronn thr flald llnaa In 
thr rqi atorin) planr In dnirrinlnni liy aupt rlmpoalng an alactrlo flald which da- 
plctn thr fl(FW rrnultlna from (ha nolar witid-matrnatoaphara Intaraotlon onto an 
alactrlc flrld which drncrli>an tha oorotatlon of iha planma with tha aarth — (ha 
ralatl<innhlp twlwron tha flrld and flow valooUy la K * v x A. Ilia imxiala 
pranmiail by Wolf (1070) differ from thoaa Ui tha oarllar atudlaa *n that thr 
affaotn of thr lonoaphaiio alaotiioal conduoUvlty hava baan axpIlolUy inoludad — 
tha high (ononphrrlo onnducUvity im tha dityalda on tha aarth tanda to abort out 
tha macnatoapharlo alaotrto flalda. 

From thr raaulta of whlailar matauramonla (Carpantar, 1070) howavar. It 
la afiparanl (hat thr plaamapauaa oonfluu ration la In a dynamic atato Indloalliig 
that tha planma flt>w Inditcad by tha intaracilon batwaon iha aolar wind and tha 
mainatoaphara la "gvfty** rathar than at#ady« Nano# tha olondiy alaito bmnSoI 
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riilfMiliillnnM ylriil plMNiiiu|iauNt« rimligurNllotm which nrc vmIIiI M|»pn»NlmNtlfinn to 
thi* Hctiiiil pliiMtiiM mImIc «>hly lUiiinK prohmuMl i»«rl<Ml« n( Mt««iuly mMgru*Mc activity. 

'rime (li«))ciiili*til pluarnupauHa nualel coin^Hilallnna mailr liy (*hen ami Wolf 
(11(70) (iml UrclNvwaliy (11(70) Inillcale that thr configuration of tlir plaamapauar 
can bccotnr (|ulte coniplra iiml much illffarctti fn»m the ateaily aUt« configuration 
when lem)Niriil varlatltoia In tlie Ihermal plaama n«nv acroaa tha magnetic flahl 
llnca are conalderml. riieae mtalal atudlaa are Iruidequate, howevar, In that the 
electric field deaerllilng the aolar wlivl Inilucfal flow from the mognetoaphere tall 
waa aNaume«l to l>e apatlally conalant and dlrecte<l from dawn to duak In the equa- 
torial plane (the correa(N»ndlng velcKdty profile In the equatorial plane la ehown 
In figure 1). Hntler ateady atate uondltlona thle flow reeulta In a plaamapauae 
cmiflguratlon which luia Ita maximum poaltlnn at 1100 LT and la ayminetrloal 
.iImmiI llie dawn -duak line (aee Figure 2) whereaa whiatler maaiuremenU 
(Cai‘penter, 1IM12, 1IM1(1, 1U70) Indicate that the maximum L poaltlon during por- 
luda of ateady magnetic activity la more typically located In the lak -midnight 
aector. 

In onler to determine the general liehavlor of the plaamapauae mollaci dur- 
ing changea In the magnetic aubetorm activity an electric flekl model muat be 
employed which takea Into account the high lonoepherlc cofgiuctlvlty on the doy- 
alde of the earth — the correep^mdlng convection electric field will vary apatlally 
(e.g. , Wolf, 197U). Thle paper will explore a elmple time dependent model 
which conaldere the field llnee on the doyelde of the earth to be electrlcaUy 
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to oiit« iini»th««r. The* In lh«i plnumupnijiici ooiiflKurNtlon 

<iurlriK |M«rl<MU <if lnrr««iiHlriM rnMgiirtlc* Nctlvlly iirMl diiiitg^ p^rlfMU of mugiictUc 
c|uli*ilhg iir«( In Ih* compurMl wlili i»x|irrlm«fitUl olm^rvallona of th« plMsnmpMuii* 
motion. 

Tin: MODKl. 

In till* nmgnrtir c«<|UMtorlul pUnn thn Int^rnrUon l»«ttw««n (hr nolnr wlrvl nml 
thr mngno(oMphi*rr rmullM In « fh»w of (hrrmHl plii»«mN within tlir Innrr mngnrto- 
■phrrr (hnl m (llrrrlmt from thr mngnrtonphrrv townnl thr (iMynhlr mMgnrto- 
■|>hrrr. Nlnrr (hr lonorphrrlr rlrrtrlciil CMitvIurtlvlty In high tin thr dNyalilr of 
Ihr rnr*h thla flow may not |Nfnrtrn(r vrry far Into thr dgyaldr If flrld llnr rr- 
rtinnridltin at (hr magnrioaphrrr Uiunilary on ihr aMnwaitl aldr of (hr rart’i la mK 
algnlflrant (Wtdf, 11170). Although drtalird mcMtrl atudira of thr tlmr drprndrnt 
plaanuipttunr ititKlon ahould and will tir rvrntually carrlrcl out by taking Into ar- 
c<Hint thr raart relatlonahlp lirtwrm thr Itmoaphrrlc rlrctrloal ronduotlvlty dla- 
Irltnitltm ami thr rlrcdrlr flrld In thr magnrtoaphrrr for a nondlpolar magnrtlo 
flrld configuration, thr qualltatlvr fraturra of thr plaamapauar motion can morr 
rarity lir oUalnrd liy ualng almplr analytical m<Mlr|r to drrcribr thr pliama flow, 
trratlng thr rarth'r magnrtlc flrld an dipolar, and ignoring thr driallr of thr 
plaama Interaction at thr magnrtoaphrrr Iraindary. 

In thr motirl to In* drvrlt>f>rd It la aarumrd that (hr dayrldr magnrtlc flrld 
llnra arr aluirtrtl rlrctrlcall>' to onr anothrr dur to Ihr high lunoaphrric rlrctrl- 
cal comkictlvlty. fhnur roconnrctlon of flrld llMg on thr dayald# of thr Mith al 
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I hr rtmt(iM*lo|»iUNi’ ImpIlrM I hr rxlntriu'r of « non VMnfnhlnK olrc’trlr Clrhl, thin 
fiKHiri v^lll In* n giMMi ufi|>ioHlinullon to Ihr mtIuuI »t«t«* only If tinyalilr rrconnrr- 
llofi i'un l>r lKnor««<l. I'hr mcxlrl ran In* iMkrn an chMrMrt»rlH(lc i>f % n»nr0i*tlon 
|Niltc*rn which In complrtoil vU vIacoun IntrrActlonA aI Ihr nmgnrtoA|)h«rA 
iNiuntlurv (n«* 0 Axfonl, IIMiUi. 

Thr AHNumptlon of vunlAhlnn rl«<irlr flrhl on th» <lAyA|(l«* of Ihr rirth rp- 
(|iilrrN that thr llimtiAl pUnmA flow from thr mAKnrtoNphrrp tnll <Io«n not prnr* 
trritp onto thp (lAyNlflp flrhl lInPA. Thup thr plApmA will l»r (llrpctrcl outWAnl tlonic 
thr <liiwn-'«hiNk llnr in tlip pt|UMtorUl plnnp. A conaprvAilvp plpotrlo fUlct which 
ylrlfU Nuch a flow on thr rluhlAldp U glvrn liy 

if - •K (yi * Afi) 

whrrr y In thr dlNtAncp Alontf tlic dawn to dunk dlrvctlon (y) from thr opninr of 
thr rnrth nn«l x In thr dlnUncp from thp rnrth nlcmic the n<N>n to mldnUhl direc- 
tion (XI . rhln minlPl field In pnrllculirly nulted for nlmplr time dopendenV ntud- 
iPA Alncp Uip lull wltnl field in n one pernmeter model. The flow from the tail le 

I 

c*henKP<l liy minlllylnK the mnanltude ul the model perimeter K. 

Thr convection velocity correepondlitg to thie tell wind In • mecneilo dipole 
field with meenltude H locilly In 

^ ^ M - yPl. 

The correepoiifllng equntoiiil elreemllnee ere hpperbolee 

I.e. ity • coneteiit 

en depicted in ricure I. If Ihe veloelly correeponding to pure oorolelliNi of the 


vilth thi' oiuiA 1 1 lltM Mrly iiU|i«*rrn|N)iiit«i *n lhi» vrtiK'lly fliilfl <l«»|>lrtlnK 
lhi« till \Ariud, a |iUMffu*piiu«fi u ^ibUilniMi whli^h Iimm m maximum ic««M*t*ntrlc illa- 
tanrr ul 12100 I, T (Mi»r Figure* 4|. Tho (4ayHl<la plaarnapauxa In lh« iM|ual«irlal 
plant* lx i'lrculMr xltirr thr lall wliiO iIim** niK (HmHraU nnii* the ilayalila flair, 
lltit'x — Ihc* circular altcatnllnaa on the* fliyaiila corraapoml to rorcilatlon of tha 
planma with the* rrrth. 

Th<« |>oNltlon of the* Mtaacly atata plaamapauaa computwl for thia mcaial In tha 
ac|u«torlal plana la ilaplctoil In FIgtira Q aa a funcilun of tha alartric flali govam- 
ing tha tall wind, For c'omparlaon FIgura 0 ahowa tha rorraanamillng ralation 
tor a tall wind modal In which tha alwiflo flald la dtrariad In tha dawn to duak 
dlrartlon with apatlally Invariant magidtiida. It ahould lia notod that In Ixiih mod- 
ala tha ataody atata plaamapauaa location la tha aama at midnight aa at noon 
wharaaa tha minimum I, poaltlcm 4>c&ura at 0300 l/F In the mexfal wlUi vaniahing 
clactrlc flald on tha doyalda which contraata with ilta altuatlon In Figure 6 whara 
the mlnlmuM L value occur a at 0000 LT. 'nieae two modela rapreaent extrame 
ccm^llilonai total ponatration of the tall wind to the doyalda of the earth) and non- 
panetratloti of the tall wind onto doyalda field llnee, More detailed meeeure- 
ments of the plaamopouae than currently ealot are required before It can be de- 
termined definitively whether either of theae ateody etote mcxleli or e combina- 
tion of them typify the actual oonflguratlcm during prolonged perlode when the 
magnetic activity la ateody. The next acctlcin will explore the temporal vorta- 
tlofie expected In the plaamopauoe configuration when the magnetic eubeiorm 
octivlty ohoiiceo teeuiitijig the toll wmd !■ excluded from the dgyolde field llnee. 
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TIMK DKPKNill-iNrY 

thu gfHimuKnrtlo iirllvlty fluciuat#* anfl IK« Ull wind !■ r»Ulnd to th# 
m«gn»llc ncdlvlty ( 0 i«« for »ic«mpl», V«NllyunA«, llldll) thr mil wind muMi Im ron- 
aPUrml gusty rsthrr thmi alsady, Ths sloady sUIr pUftmnpsuss miidsls can al 
Imat Im gmal approgl mat Iona only during prnlongad periods of ntaady magnailr 
activity. 

For cxampla, aaauma that tha tall wind la aarliidail from lha dayalda Maid 
llnaa ami that tha plaamapauaa la In ona of lha — aady atata configu rations da- 
■ciiliad pravloualy. If tha tall wiml la suddenly «^hnuoad, lha straamlln# pattarn 
will change to a configuration In which tha stagnation atraamlina, depleting tha 
steady atata plaamapauaa In the aguatorlal plana, la located nearer to lha earth 
than the Initial pUamapauae iNMimlary. The original plasmaaphere particles 
that are located (Hiielde of tha new steady state iMaimlary will be peeled away ami 
transported t«i tha magnetopause In the dawn -dunk sector (sea Figure 7) where 
they will Iw loa^ from the magnetosphere, Manca significant filamentary struc- 
ture In the plaamapauac near tha Initial location of the bulge In *he dusk -midnight 
sector would arise umler these c<»ndltlona. Also a alight bulge forms In tha 
plaamapauae radius near dawn which then cororates with the earth cjitll it reaches 

A 

the dusk -midnight sector where the plasma la transported out of the magneio- 
aphera. 

t'nder the oppoalta condition of audden quieting (gee Figure •) the bulge In 
tha phamapguae, inItlaUy centered at 1100 LT under eteadF itnte oondlUone. 
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wUh III# h«« pulnl«^l out previously Ijy rarpenler (ilTTOi, 

(*l»en sfui Wolf (11170) ami (lrelN»wsky (.!970). After the* suiMen onset of quletlfi*; 
the pUsniapeiise eshlblta a CMmtinuum of ronflifuratlonN rangl/^ from its orlclruil 
steady state form, to a rounlily circular iMairulary, li> a cimflgursHon which eiem's 
oonsliUralile structure In the form of a cusp (In (^tgure 9 this cusp la seen to form 
after 49 hours near 1900 LT). This motion of the plasmsaphere leiundary wouln 
be oliecureil after aeveral days aa plajma pneluterl In the Ionosphere fills up the 
depleted flua tuliea within the final steady state confltfursttfm. 

CONCMmit >NN 

The extensive whistler measurements of (*srpenter (1970) have established 
the general time dependent behavior of the plaamapause which results from 
changbig rnagfietlr aittivity. These measurements Indicate that the bulge tends 
to I’vrolate .1 the ssrih during periods of magnetic quieting. 'ITils la In agree- 
ment with lM>th tlie oonvecilon model In which the tail wind penetrates onto dsy- 
slde field lines ami the model with a vanishing day aide oonveetbm field. How- 
ever comparing .iiese models, the nearly oirouiar equatorial plaamaaphere 
Imumlary ul>served on the dayalde In the whistler atudlea Impllea, aa Carpenter 
•tatea, Uial the tall wind doea not penetrate algnlfloaiiUy Into the dayelde of the 
earth. 

(*arp#nter (197'*) sometimea dsieots a local reduction or trough In electron 
denalty In the region of the bulge. Thia could correapond to the formation of the 
cuap In the plaamapnuee loontlon whioh nrieea from tho tempornl variation 
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umikn'IuIimI with miii4it«*Uf< quIiMliui m(* In thr prvupiii HtuUy Ami In lhc« 

pri*vlouA Mlu«ly nf (''hrii iiitd Wolf 

Ihirinu ol tm*ri>uMliitf mMtfnc»(U* uoUvIty, tht* Uilgr U ol»Ai*rvml to 

innvi* wt^AlwAnl. Mowi«vrr, tmly (lining i«x(*ctptloniilly high dlMlurlNinoi* IrvniM 
(i(»rN M niovi* MlgnlfU'iini ly iMirllrr limn INooi.r. If (h«i c•(lnvluill»n rliuirir flf*ld 
1 a I xctiioi*! Troni tli«« diiVMldc iiutgnittlr fltild I1 iii«a, llii* iniNln^ c AlciilMtlniiA aIkiw 
I hut thr liiitgi^ will Irnd to tnovr wrAtwAi'il diirliiy A dlMtiirlinnon, liuf It will iit«vitr 
movi* *»nto diiyildr (IaM Thin lndU*Atrn tliiit nlthiMigh thr totnl nldiddlng of 

flidd llnr«N III! till* di^vnldf* ol Hio riiiih tiuiy l»i« u ginicl itp|>roMlmMtloii during (|uifit 
or hi(Mloriil«*IV dNtuii»V4l ('(•iwlltloiiN, It in not ti vnlld MnnumpUon during high dln- 
ti^iti*niu'n Irwin, I'hr inti wltnl muni prnrirMti* Into thr ilAynldn during thnvr uv 
II vr p ii todn. Alno If should notml thnt thr lononphnrlr l'•lnotli(1Al oonduidlvlty 
dot*i; nol tninonm in it ntnp Ukn nmnnrr iit duwn or dunk hut In (IrpriMlnnl u|>on 
Nidar /iuilth unglr thr tniMirl onUnilMtlon of Wolf, IVTit). Thun n nltgni |>i*n 0 - 
irnllon of thn full wind to thr dii^ynldr will ulwMyn ocuuir. 

Ifthrr plAnmiipniinr fiirAnurrmrntn nmdi* liy nnirllllrn (Tnylor rt nl, , 1U70) 
(itt>|iV»rl »it a 1. , 1 1170) nhow vonnldrrnhln nlrmiuri* In thr plnntnn dtntrllmtlon 
itpfir Ihr htdgr i(*glon. 'tlir mmlrl uulculAllonn Imllrnir thnt tlUn In to Im nxpoctiHl 
nlnw thr mldnlght'dunk r(r*glon In vc*ry nmnltlvr to u chnnglng tnll wind. Ilndnr 
fluiirnttlng ronditlonn thr pi' ^inNpuuiMi oonflgurntlon In tlUn rnglon cnn hrcuitir 
qultf* rompirx nn wnn nhown iiy Chrn nnd Wolf (1U70) nnd whlrh In rvidnnt from 
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th» prrnrnt niudy. Alno nlnon thn rnrth'n mAgnntlo gxln In tlltgd with rnnpoct to 

I 

I 

I 
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Ilir u«M»Mriipht(' Mpln axU, lh»« dliinml rolMttoii nf Out ^nrlh will (*mun«* n vurUlloii 
In llir t<H'(illun On nf 1. mimI iiMM<inlUr lorttl tlmci) of minrUn mixI Muniint. 

'riilM will not i’MUMi' iMi’Hr rhaiitfi«M In Ihn rntivortlnn nlr*rtnlln«> pnttnrn (Wolf, 

1 1170), lull « von mIIhIO i'ltiiiiKOM In thU pMUnm nnitr thi* IhiIkh In n pnrhMl of n <lfi,v 
or ao could idtMcui'c* llin pnlnlcd coitflicuru(l<Mi prmllctfHt ihr moflnlH. To iitudy 
thlM M morn nccuriil'i profile for the eleidriciil coiwfuctlvlty thiin w«m uiimI hnri> 

1m required. It l«t expecUMl (hut the lnili(r region even umler Mtemly niMignetlc 
Mctlvlty may Im« churucterlreil hy u non Hiatloiury conflguratltm. 

riniM (he general feiduree of (he pUamapaiiNe configuration unn K Mocounted 
for hy M convection electric field which la ahlnlded from (he dayalde magnetic 
field llnee during quiet or moflerute mngnedc* activity and which penetratea elg- 
nlflcanlly Into (he dayalde during aevere magnetic dleturboncea. More extenalve 
nieMMuremenlM of (he phtaniapauae configuration than currently exlel are required 
before the exact varlationa In the tiuKlel parametera deacrlblng the Ull wind and 
plaamntKiuae can l>e tletermlned. 

ArKNUWU'dXJKMI'INT 

I w<mld like to acknowleilge (hot the analytical mcMlel etudled waa originally 
MUggeated by Dr. W. I. Axford. 
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flgur* 4. A ty^lcol Muoforlol convection itroomllno potforn Including tHo 
torototlon tUld ond 0 toll wind which dool not ptnotroto onto 
doytldt field llnei li ihown. TU plocmopoMto bulge li contotod 
ot 2I00LT. 
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STORM 

Fl 9 u<t 7 . Ttfitporol vorloflc?^ In tK« ploomo^ouM r«iulTtna from o luddon onhcmco- 
mont of fh# Toll wind oro ^loffod. InUlol ploomopouio conflQurotion 
woiOMumod To both# iTood^ iToTo conflourotlon wItK tK# flold poromoTor 
K « l.l « Tho onKoncod wind eorfoipondi toK • 3.6 m 10 **^ 

v/m’ . Tho bulgo roglon will bo cborocTorlioJ by oemplon iTructuro duo 
TO tHIi ehofiQO. 
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QUIETING 

Flgurt 6. T«mpofol vcnlofloni In fK« ploMnopouM confl^roHon ar« ihown off«# 
fh« toll wind If luddonlv rodueod from H>ot cnoroctorliod bv tho 
pofomottf K • 3.6 H 10 ** v/m^ to tho wind with K • 1 .8 n 10’ ^ 
v/m’. Tho doiKod eurvo dopictt tho flnol itoody itoto piotmopouto 
eonfigurotlon which roiultt oltor lortotphorlcoliv ptodueod ploimo 
fllli Lip tho doplotod fluH tuboi. 
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